Introduction
In an increasingly interconnected world and global workforce, it seems ever more important to have some amount of interdisciplinarity (interdisciplinary collaboration) in order to prepare students to learn to work and communicate across the bounds of their area of expertise and experience. As the need for interdisciplinary acumen continues to increase in the university setting, there are a growing number of examples of collaboration within the liberal arts. Yet, while their buildings may be only steps apart on a typical campus, there often exists a pronounced divide between those in the technical fields and the humanities such as engineering and art. It is rare that engineering students are exposed to art (and vice-versa) unless the individual student seeks it out. Anecdotal evidence suggests it is extremely difficult for interested art students to enroll in engineering courses. Programmatic strictures in both art and engineering can often work against such enrollment special cases.
Utilizing projects like senior design or other engineering capstones, the departments within the humanities can be served by the technical fields, thus increasing the capabilities of that department. There are benefits to such projects for all participants, from exposing students to different ways of thinking, seeing, and communicating, to specific outcomes such as broadening understanding of principles of engineering and design. In engineering practice, the ability to work with others outside of one's own technical expertise has long been recognized. This recognition has been formalized by the Accreditation Board for Engineering and Technology (ABET) by the inclusion of the "ability to function on multidisciplinary teams" in their wellknown "A-K" criteria.
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This paper presents an effort to bridge the divide between both art and engineering students and art and engineering faculty by incorporating a cross-disciplinary project involving both departments. The underlying hypothesis for the work is that having real-world, crossdisciplinary projects would increase students' satisfaction and encourage future work that crosses disciplinary bounds. The work includes two engineering senior design projects completed by engineering students for use by art students in photography classes. The paper first presents the importance of such cross-disciplinary work and some examples of previous efforts. It then gives some detail of the class structure and the two senior projects themselves as well as four applications of motion capture. Next, it covers the communication that took place between the students in the different departments. It concludes with a quantitative analysis of the students' experiences and details the conclusions drawn from the effort and subsequent analysis.
Literature Review
A survey of the literature finds a consensus that cross-disciplinary projects can be motivational, introducing participants to a wider variety of learning experiences and ways of seeing and communicating. Over the last decade, a number of studies have found that interdisciplinary experiences can result in a broadening of the student's perception of the scope of their chosen field. For example, Hertzberg and Sweetman 7 described an experimental flow visualization course that drew students from the disciplines of photography and engineering, wherein students collaborated on projects and were assessed based on both scientific and artistic merit. The course contributed to recognition of the beauty of fluid physics, a change in the perception of mechanical engineers, and a model for future cross-disciplinary courses. Malina 8 noted that collaborative, cross-disciplinary work can bring a change of vision, and it has the potential to cultivate shared epistemologies, aesthetics, and ethical systems to people from various disciplines. Gunn 6 demonstrated that including art with the presentation of engineering topics increases student interest in engineering by making the discipline more broad and accessible to a wider range of students. Increased interest was also noted during an eight-week digital sound production collaboration between music and computers science students 4 . Not only did students find both technical and artistic motivations to learn, they also created projects that point to ways of revitalizing computer science courses through linkages with the arts and practice.
Like perception, for interdisciplinary projects, communication becomes especially important. In a collaborative project to create applications of liquid crystal elastomers, the outcomes exceeded the scientific enquiry, creating new ways of technological collaboration and artistic production, and shared metaphoric languages of interdisciplinarity 3 . With the most intense collaborations, some artists and scientists are finding that powerful synergy can result between collaborators and that interdisciplinarity can develop within an individual 2 .
New ways of understanding are also often the result of interdisciplinarity, as participants engage with people, concepts, procedures, and materials from outside their field of study. Dartt, McGrann, and Stark 5 describe a capstone project that paired engineering students with fine art students to create a sculpture on the Binghamton University campus. Dartt et al. 5 found that the project required participants to understand the process of design from different disciplines in order to produce a product with artistic intent and artistic function. Neeley 9 demonstrates that an exposure to art via museum tours can increase and expand engineering students' approach to Page 26.630.3
design. Asiabanpour, Deschamp-Benke, Wilson, Loerwald, and Gourgey 1 recently described an effort to interest middle and high school students in engineering through a summer research camp focusing on both art and engineering. This work showed that such a camp can be effective in increasing such students' engineering skills. In Art and Science Now, Stephen Wilson 10 provides a visual survey of artists pursuing technological and hybrid art forms. Artists, in order to participate in the humanistic drive to understand life, must "be prepared to abandon the comforts of traditionally sanctioned forms and contexts and educate themselves in the worldviews, techniques and knowledge base of the sciences." Likewise, scientists, he argues, will not succeed without the interest and support of the greater culture 10 .
These examples agree that benefits to cross-disciplinary and collaborative work include broadening perception, developing communication skills, and developing new ways of understanding. The work described here supports these findings and presents additional benefits to cross-disciplinary work. The following section gives technical details of the class in which the projects were completed, and the technical details of each project.
Course Overview and Projects Description: Senior Design
The senior design course sequence for mechanical, electrical, and computer engineering students is spread over two semesters for a total of five credits . Students from all three disciplines take the same course and meet together. In the first week, multidisciplinary teams are formed based on student preferences, with all teams having at least one mechanical engineering student and one electrical/computer engineering student. Typically teams are four to six members with at least two from each discipline. Each team is assigned a faculty advisor. Traditionally, senior design projects exist in an engineering bubble where all involved parties are engineering students. The goal of these particular projects was to widen the scope outside of engineering. In these projects, teams comprised of five engineering students and involved a total of twenty-five students enrolled in art courses. In addition to the continual involvement of the art professor, engineering students received regular feedback from art students, engineering students presented to an art class, the products were used by both art and engineering students, and both art and engineering students curated and exhibited photographs from the projects for a campus gallery space.
The flow of the course follows the diagram of Figure 1 . The first course begins with four weeks of group lectures that focus on systems engineering topics and preparation for their early written assignments. Later in the first course, meeting times alternate between individual team meetings with their advisor and large-group student presentations. The second course consists largely of team meetings and presentations, with three professional topics interspersed.
Each team also has a customer who guides the formation of the system design requirements. Typically the customer gives vague desires, and it is up to the students to produce measurable outcomes for their requirements. Customers are typically about half external and half internal. Internal customers are typically engineering professors. External customers are typically from industry, a charitable organization, or a national design competition. In order to provide context for this interdisciplinary effort, the technical details of the two projects follow. Two teams worked independently on separate projects. Each consisted of five engineering students spread across the mechanical and electrical disciplines. One project focused on an indoor, mobile photo device and the other focused on a high-altitude, outdoor, tethered photo device.
The team responsible for the device to take indoor photographs consisted of two electrical and three mechanical engineering students. The device was required to be remotely controlled and mobile, have a running time of greater than 30 minutes, and be able to carry the payload necessary for recording video. The resulting device consisted of a custom-made Mylar envelope roughly ellipsoidal in shape, approximately seven feet long, and with a volume of 65 cu ft. The envelope was inflated with helium and covered with netting. The device in operation is shown in Figure 2 . A mounting plate with three mutually orthogonal propellers provided lift, thrust, and turning for the device, as well as a point to fix the camera. Fans were driven by R/C speed controllers and operated by the user with a Futaba remote control unit. This mounting plate is shown in Figure  3 , and a sample image is shown in Figure 4 . The team assigned to the high-altitude tethered balloon had height requirements as well as the requirement that the camera mount be capable of remotely controlled pan and tilt. The team chose to use a weather balloon filled with helium to provide lift. The balloon had a maximum fill diameter of 6 ft, but was only filled to approximately 85 cu ft of helium in order to provide the necessary lift. The balloon was covered with netting, and the four corners of the netting were affixed to a mounting cross for the pan/tilt stage shown in Figure 5 with carabineers. The pan/tilt stage used R/C servo motors to drive gearing to move the camera mount in the azimuthal and pitch directions. These motors were connected to a R/C receiver unit that received the movement commands from the ground-based transmitter. A wireless RCA video transmitter transmitted the video signal output from the camera to a wireless video receiver and 7" portable LCD screen to provide feedback of the camera's field of view. A third servo motor was used to depress the shutter button on the camera when a switch was flipped on the ground-based receiver. The team with the ground-based station and balloon are shown in Figure 6 and a sample picture taken with the system is shown in Figure 7 . 
Motion Capture in the Arts and Humanities
Motion capture collaboration involved three separate disciplines within the arts: fine arts, music, and theater. In the fine arts project, three engineering students, eighteen drawing students, two art faculty, and one engineering faculty were involved in creating 3D animated drawings. In the music project, three engineering students, seven conducting students, two faculty from the arts, and one engineering faculty were involved. In the theater project, two engineering students, one theater student, two art faculty, and one engineering faculty were involved.
The motion capture hardware used for this research consists of a system of Optitrack cameras in an array around a volume in which students and faculty can have their movements tracked and recorded. Fourteen cameras produce individual images of the reflective markers and combine the images to read the 3D positions of the markers at a 100 Hz frame rate. This information is recorded and used to reconstruct the skeleton of the participant, or can be used as raw data in point-cloud form. 
Painting/Drawing
Painting and drawing utilize several different media, such as charcoal, oil paint, and watercolor. However, the typical drawing surface is two-dimensional in nature. Our goal in this effort was to allow students to "draw" and "paint" in three dimensions, using the capture volume as a canvas. Additionally, since typical surface art allows only one (or at most a few) people to draw at a time, we wanted to create the additional benefit to allow multiple persons to create simultaneously.
Eighteen drawing students were split into groups of five to seven. Art faculty were involved in choreographing the movement. Each student was given a unique 3D target to use as their brush. The capture volume was large enough to allow six simultaneous participants. The capture system tracked the six degrees-of-freedom of each brush target, so that students could not only control the position of their brush, but also the orientation. The dataset then consisted of six tracked rigid bodies.
This unique dataset allowed flexibility with the visualization for the ultimate piece. Brushes could be visualized in unique colors, and given the orientation of the marker, different 3D brush tips could be selected such as a sphere or cylinder. This would produce a static 3D field that could then be rendered to a particular view for printing, or a full volume that could be viewed and rotated on a computer screen. For this project, two art faculty worked closely with one engineering student to develop the visualization.
The time variance of the markers also allow a dynamic 3D scene. By marking each fiducial with its unique color and brush tip and by adding a tail of color in the most recent trajectory, the 3D scene can be dynamically built up, creating a 3D video. This scene can then be rendered as a video onto a flat image plane to created a 3D movie showing the painted strokes as they are created. It can of course also be viewed in the native form on a computer allowing the user to rotate, pan, and zoom into the scene. Figure 10 . Students using fiducial markers as 3D paint brushes to produce volume image.
Conducting
Responsive conducting methods are an important part of conducting pedagogy. Some instructors use video as a means to assess conducting, but this suffers from its 2D nature and that it is Page 26.630.9
captured from a single viewpoint. Describing conducting methodology, colleague and collaborator, Dr. Friesen-Carper, from the Department of Music states:
Music conducting is a complex activity with skills ranging from motivational psychology, intricate repertoire, rehearsal and logistical planning, to score reading and error perception required for success. The conductor's demeanor and physical appearance are important in building and maintaining rapport with the performers, and as such are important aspects of the conductor's physical performance. However, the critical information about when to perform -tempo and its modifications, cuing and ensemble entrainment, and how to perform -interpretation of dynamics and changes of dynamics, attack and release variables, what we lump under the word "style," are communicated largely independent of demeanor and physical appearance. Ideally, the performer responds to the gestures of the conductor in an intuitive, pre-verbal way, like an elite competitive athlete responding to a teammate, opponent or the movement of the ball.
Video recording of conductors has been in use for several decades to good effect. However, with video the conducting student has a surfeit of visual information to process, and can tend to lapse into the mindset of a performer who "likes" or "dislikes" what they see of the conductor as a total picture. All student conductors spend much more time as following performers than on the podium. Performers conscious responses are heavily influenced by demeanor, appearance, sound of the voice, rehearsal pacing, etc. (important aspects, to be sure). But they are often remarkably unaware of the extreme degree of specificity of gesture employed by a skilled conductor.
Motion-capture technology offers new ways of assessing conducting methods. Unlike a onecamera or a significantly more labor-intensive multi-camera video recording, motion capture enables the instructor and student to review perspectives from 360 degrees. Motion capture reduces the visual distractions such as background image and clothing, enabling focused attention to movement either through a point cloud or skeleton model. By placing a marker on the tip of the baton, the instructor can also evaluate baton technique.
Each conducting student wore a motion capture suit, gloves, and hat to generate a skeleton model. They took turns conducting a portion of a piece they had been rehearsing for their conducting course. Each student was recorded, and a short video using front, side, top, and isometric views was created to illustrate their conducting technique. The data was also imported into a CAVE (multi-wall, stereo projected system) for an immersive playback experience. This further allowed the instructor a great deal of freedom in critiquing and reviewing with the student. Figure 11 . Professor of Music and conducting students using the motion capture lab as a pedagogical tool.
Theatre
The medium of theatre is often done on a stage with multiple participants viewed in real-time by an audience. Recording is typically done with a video camera, which can be moved as the participants move, but this creates a static viewpoint at any given time. Though 3D recording exists, it still suffers from this single-viewpoint nature. Our efforts in the area of theatre were focused on creating a 3D recording of a single actor.
The student in the motion capture laboratory was asked to convey a particular emotion to see if they could convey the sense of the emotion using only a point cloud of their body. In one instance, the student was asked to convey "rage." This limited the student to only body movements, as the facial expressions were not visible by the point cloud. (It is possible to do the latter through facial capture.) Two benefits arise from this type of medium. First, a theatre constructor could review the motion with the student to provide feedback. The capture data could be paused, played forward and back, and also viewed in 3D by panning, tilting, and zooming. The second benefit is the ability to challenge students in their acting skills by introducing them to a new medium which would restrict certain conveyances such as costume and facial expression. Page 26.630.11
Cross-disciplinary Communication and Collaboration
Collaborators from disparate fields of study can face multiple challenges resulting from unshared language and methodology. While engineering and photography students entered into collaboration with shared technical and popular terminology for the mechanics of the camera and its general uses, their shared language was not sufficient for imagining, developing, and using aerial photo devices. When they drew upon their disciplinary-specific vocabulary and ways of thinking, students often miscommunicated their ideas. The following narrative illustrates some of the challenges in communicating needs and goals across disciplines.
At the start of the first senior design, aerial photography project, the engineering teams joined the Advanced Digital Photography class to assess the needs of the art students for an aerial photography device. Prior to this meeting, the engineering students had researched existing aerial photography devices, and art students had briefly viewed and discussed aerial kite photography; thus, there was a common, if basic, understanding of the project goals. Neither the engineering nor the art students, however, had considered the difference approaches to language and methodology that result from crossing over into another discipline. While the engineering students were looking for quantifiable needs that would enable them to design to specification, art students by and large were giving qualitative, not quantitative answers. Two exchanges illustrate this breakdown in communication and methodology. In the first exchange, an engineering student asked the photographers the altitude they would need the device to achieve. The art students' response, "as high as possible," was not quantifiable. Likewise, when asked how far the device would need to travel laterally, the answer was "as far as possible." No amount of questioning in this vein received a precise, finite answer.
It quickly became apparent that there needed to be a shift in language and ways of thinking in order to effectively communicate. One engineering student tried an alternative approach, by asking the art students to imagine how they would use it. This, however, did not provide the constraints that the engineering students were looking for, as the art students could imagine using the device almost any situation, under many conditions. Ultimately, in this first meeting, it was not the outermost limits that were decided upon, but the innermost. In other words, the art students determined that what they needed was for the device to allow them to capture images that they could not otherwise capture on their own. Along with image capture control, height and mobility became the most important features. If the photographer could not otherwise secure a desired height by way of a ladder or roof access, then the aerial device would be useful. If the device did not climb to an altitude greater than a ladder or roof access, it would be less useful. If it could be mobile, that would improve its usefulness even if it couldn't reach a great height.
By the end of the first meeting, engineering and art students came to the conclusion that one engineering team would focus its efforts on creating an aerial photography device that would reach a higher altitude but have limited lateral mobility, and the other team would focus on lateral mobility with less emphasis placed on how high it could climb.
Over the course of the fall semester, the engineering teams met with the photography students twice to update them on progress, review the system design requirements and realistic design Page 26.630.12 constraints, and receive feedback. On occasion, a few of the art students would attend the senior design demonstrations that were held in the College of Engineering for the Engineering faculty and other senior design teams.
During the spring semester, the engineering students moved from designing to building. By March, the devices were ready to be tested. As there was no spring Advanced Photography course, the Art Department offered a 1-credit Aerial Photography that met on Fridays from midMarch through the end of the semester. Of the ten students enrolled in Aerial Photography, two were art majors who had taken Advanced Digital Photography in the fall semester, two were art majors who had not participated in the project prior to this course, and one was an engineering student from the outdoor photo device design team. The remaining five students were taking the course either out of general interest or to secure enough credits to graduate. Unfortunately, Aerial Photography conflicted with the majority of engineering students' schedules, so class time could not be used to launch the devices. As a result, launches were held at various times during the week, often in conflict with Aerial Photography students' class and work schedules. Scheduling conflicts resulted in the creation of student liaisons. Because of the short notice for launches due to weather conditions and student schedules, four of the aerial photography students took on the role of liaison, two per aerial device. The engineering team leader would contact the two liaisons, who would then pass along the information to other students. Even given student liaisons, however, photo students had less contact with the devices than originally planned.
Some time in and out of class was spent sharing information and skill sets. Two of the art students who had significant graphic design experience met with the engineering teams to give advice on and assist in developing layout, content, photo selection, and font choices for their team posters, and one engineering student gave a technical talk to a group of photography students who launched the outdoor device in early summer.
Because launches couldn't be scheduled during the aerial photography class time, class time was spent reviewing photos and videos from the launches, creating a portfolio of images, and, from these images, curating an aerial photography exhibit in the student union gallery. The exhibit included documentary images of the launches, panoramas and collages created from aerial camera images, and unaltered aerial camera images. This served to showcase various styles and methods to create and display aerial imagery and share the process and project with the wider University community.
Senior Design Assessment and Data Analysis
In order to assess the efficacy of the first aerial photography project and to gain further insight into student experiences, a survey was administered to students. A separate survey using parallel questions, when possible, was given to each group. Seven of the ten engineering students returned surveys, and eight of the eleven photography students returned surveys. While twenty art students were involved over the course of the year, the assessment was given to the eleven photography students enrolled in a one-credit course on aerial photography. The authors realize that the number of students involved in these surveys is in no way comprehensive. If resources were available, it would have been advantageous to have scores of students Page 26.630.13 participating in such projects and be evaluated. However, the unique nature of these projects and capital and staffing limitations allowed our efforts to include only these students. With that understanding, what follows is a descriptive and anecdotal analysis of these students' responses to questions about the project in an effort to understand the direct benefits of having such an interdisciplinary experience.
Each question from the survey is presented as the title of the following graphs. Questions were presented in Likert-scale form with a 1-5 range. The bounding descriptions are shown for each question on the x-axis. Means and standard deviations are shown as graph legends, with the recognition that these are discrete responses on an ordinal scale.
The fundamental hypothesis in the launching of this effort was that by having a real-world, cross-disciplinary project that bridges art and engineering, students would both have a more satisfying experience and be both more likely and more able to work across disciplinary boundaries. To that end, students were asked about their likelihood to undertake further crossdisciplinary efforts. The question posed to students was "Did working on this project make you more or less likely to undertake cross-disciplinary projects in the future?" The scale ranged from "Less likely" to "More likely." Results are shown in Figure 13 .
The engineering students participating in the projects indicated a heightened likelihood to work in cross-disciplinary efforts. All students had responses four or greater, and only one student did not indicate a "More likely" response. It is therefore concluded that this experience did have a positive effect on students in this regard. The responses of the photography students were mixed. Roughly two-thirds of the photography students indicated a positive effect from their experience, one-quarter indicated they were unaffected by the experience, and one student indicated a negative effect. Though the experience for photography students seemed positive overall, the effect was much less pronounced when compared to the engineering students. This can perhaps be explained by the fact that the experience for the photography students was much less involved. Engineering students worked on this project through the full year and had weekly meetings. There was no year-long photography course that paralleled the depth, breadth, or composition (senior majors) of the engineering senior design course. Spring semester, aerial photography students had limited interactions with the engineering students within a one-credit class, and, given the scheduling conflict, only participated in launches individually as able. Given such conditions, it is reasonable that the positive effect on their perception of the likelihood to undertake further cross-disciplinary projects would be attenuated. An ancillary goal of the project was to increase interest across cross-disciplinary bounds. If students are more interested in areas outside of their specialization, they may be more effective in working with teammates outside of their discipline, and may have more interest in projects having a wide scope. Further, there is a basic interest in getting technical individuals, such as engineering students, to have broad knowledge, such as an interest in the fine arts. It was hoped with their participation in these projects, engineering students would develop an interest in art through their exposure to the subject and by interacting with art students. It was also hoped that by adding a device technical in nature to the photography class, art students' interest in engineering would be piqued. To that end, each group of students was asked about the effect that their participation in the project had on their interest in either the fine arts (engineering students) or technical subjects (art students). Limits of the scale ranged from "Less interest" to "More interest." Results are shown in Figure 14 .
Surprisingly to the authors, engineering students did not show much increased interest in the fine arts through their participation. The average of responses was below 4.0 (though above 3.0); only about a third of students showed a positive gain, and nearly half indicated a neutral effect. This may have been due to the fact that, given the course requirements, students concentrated on the technical aspect of their project related to performance and specifications and thought less about the usage of the device in art than the mechanisms supporting that usage. Interest in the fine arts may have been further mitigated by periodic frustration in communication lines with art students. Interest of art students showed contrast to this, as 75% of such showed a positive effect in their interest and only one student showed a negative effect. We posit that the less extensive involvement of the photography students perhaps worked in favor of piquing interest, in that these students did not reach a tedium threshold in their participation and were instead left wanting more exposure. The authors further posit that engineering students who worked on a comprehensive project that crossed disciplinary bounds would have a distinct advantage when seeking employment or securing a position in graduate school over a student whose senior design project was much more traditional, such as developing a robot for a competition or making a novelty device such as a can-launcher. Students were thus asked if they perceived they had an advantage by working on this special project. Students were asked directly about their perceptions with the question "How much advantage do you feel that working on a cross-disciplinary project with the art department gives you over students having non-cross-disciplinary projects when seeking a job or graduate school?" The extents of the Likert scale were intentionally shifted to give greater resolution to the expected range of improvement -note that they span "A disadvantage" to the higher "A great advantage." Results are shown in Figure 15 .
It was a pleasing result to see that 86% of engineering students believed they were at an advantage or great advantage for having participated in this project over their peers. This shows that most engineering students perceived this to be an experience of high value to them, and this coincides with the subjective observations of their experience. Students seemed to enjoy this project and find it very motivational, and the survey responses also support their positive attitude with agreement that they felt this was a worthwhile experience and gave them an advantage when seeking post-graduate opportunities. It is also a reasonable expectation that students participating in such a project would have need to communicate across disciplinary bounds and would thus improve in their ability to communicate with those outside their field. This improvement in communications is a laudable goal, and one survey question addressed this directly. Engineering students were asked, "How has working on this project affected your ability to communicate technical information to non-technical people?" Again, an intentionally skewed range was used, as the authors did not think that the project could be a detriment to communication. Therefore, the extents "Did not affect my ability" and "Very much improved my ability" were used for the question. Results are shown in Figure 16 . Engineering students unanimously responded that their participation in the project improved their ability or very much improved their ability. This self-assessment, along with the experiences and observations of the advisors of the project, cause us to conclude that a project such as this did give students a better experience than their peers, and did so most likely by its cross-disciplinary nature. Figure 16 . Project impact on student ability to communicate An indirect measure of student enthusiasm would be gauging how often students discussed this project when not required to work on it. This would further provide some indication of the "broader impact" of such a project, in that others outside of the project scope would be exposed to the project content. Both art and engineering students were asked about this. Results are Figure 17 . Responses indicated that engineering students talked about the project quite often (all responses 4 or 5), but that the art students did less so. This is most likely explained by the fact that the engineering students spent much more time on the project.
Figure 17. Student communication outside of project

Motion Capture Assessment
Given that the faculty and students are piloting creative and pedagogical uses of motion capture technology within their disciplines, the assessment at this stage is primarily qualitative. There is interest from the theatre student organization to use the motion capture lab for continued experiments in expressing emotion through point-cloud movement. The art students' 3D drawing lead to a 3D video that was included in an on-campus student exhibition and in a faculty exhibition at a regional gallery, with all participants-artists and technicians-being credited (atypical in art). On using motion capture technology for conducting, our colleague and Professor of Music, Dr. Friesen-Carper, states:
Motion capture technology enables the conducting student to eliminate all visual cues except for gesture, and analyze quickly how those gestures are likely to influence the immediate and intuitive response of the performers. Our student conductors have unanimously had epiphany experiences when observing their motions without the distractions of visage and apparel. When combined with sound recording of performers responding to the gestures, the diagnostic accuracy and efficacy is significantly greater than with conventional video.
We look forward to integrating this technology into our Advanced Conducting class again, in a thorough and systematic way in the fall of 2015, to capitalize with repeated small sessions on the students' ability to self-diagnose and improve.
Given sustained involvement from current collaborators and an increased awareness and interest from the campus community of the motion capture lab, it is a reasonable to conclude that the pilot projects were successful at the very least in piquing curiosity at new forms of creative and pedagogical use, and that these uses are the first of many to come. 
Conclusion
This research offers these art and engineering projects as examples of collaboration that motivate students to seek further cross-disciplinary experiences, increase students' ability to communicate across disciplines, and offer new pedagogical tools to instructors in the arts. The majority of engineering students who participated in the aerial photography projects felt doing so offered them an advantage when applying to jobs and/or graduate school. While their efforts did not notably increase their interest in the arts, they did find that it helped them to communicate technical subjects to non-technical people. A great majority of the participants found their experience to be motivating, satisfying, and worthy of sharing with non-participants.
Perhaps the central benefit engineering students discovered by working with art students can be summed up by a quote from one of the engineering students:
Working with people has been one of my [s]trong abilities, or so I thought. Working as an engineer with art students on a project served me as a wake up call. It showed me that although dealing with people is easy for me, it's so much harder to work with people when I am the engineer and people I work with were not. I liked how the project overall served me.
The researchers qualitatively observed much enthusiasm in the students and felt this was one of the most satisfying senior design experiences in the present history of the course. Further benefits of working across college boundaries included enthusiasm by the faculty of the College of Engineering and art and music departments; this enthusiasm has already resulted in plans for further collaboration. Furthermore, the researchers plan to repeat and refine this engineering and art cross-disciplinary collaboration in the upcoming years. These senior design teams and resulting research will be the first of many cohorts, and the creative and pedagogical import of motion capture technology for disciplines in the humanities is just beginning to be realized.
Bibliography
